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Abstract 
The project selection is a decision process that can be made by using mathematical optimization methods. The 
objective of this paper is to present a literature review of optimization methods and a practical use case in portfolio 
management area with the following objectives: 
- Maximizing the organization benefit (Direct and Indirect)  
- Minimize costs (Direct and Indirect)  
- Consider the constraints and strategic objectives. 
In this article we present two numerical methods of mathematical optimization problems, for one and multiple 
objectives (ILP, IGP), using the two values (0 and 1) as decision variables. 
This example is used to present several scenarios to decision makers to choose the best alternative (portfolio) that 
meets their expectations. 
 
Keywords: mathematical optimization, objective function, ILP, IGP. 
© 2014 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 4th International Conference 
on Leadership, Technology, Innovation and Business Management 
1. Introduction 
Processes based on quantitative and qualitative criteria were used in Decision-making to justify the investment 
budget and resource allocations. However, in many cases, only financial criteria are taken into account in project 
selection decisions. In other cases, the decision-making process is always based on the experience and impression of 
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the decision maker, and usually the decision that results from these methods is very debatable (Hugo Caballero et al., 
2012).  
The objective of this paper is to present a literature review of optimization methods and its application in portfolio 
management area by selecting projects that satisfy the following objectives:  
- Maximize the benefits of the organization (Direct and Indirect), 
- Minimize costs (Direct and Indirect),  
- Consider constraints and strategic objectives  
2. Literature Review  
2.1. Strategic vision :  
The strategic vision of a company is the representation and formulation of the strategic future of the company in 
terms of competition, business, activities and development choices (Olivier Meier, 2009). It generally included in 
a document or statement so all company managers can share the same vision for the company and 
make decisions according to the shared principles and company mission (businessdictionary). 
2.2. Company mission :  
The mission of the enterprise is the mainspring of the company and its purpose regarding its shareholders, partners 
and customers. It refers to concepts on the general guidelines of the company, its businesses, professional membership 
and identity (Olivier Meier, 2009). 
Company mission (or corporate mission) is different from a vision in that the former is the cause and the latter is 
the effect ; a mission is something to be accomplished whereas a vision is something to be pursued for that 
accomplishment.  
Several factors may be taken into account in a mission statement, in particular: its intentions in the medium and 
long term, the choice of its businesses and activities (target products and markets), the desired positioning (market 
position and picture), its choice of development (developmental pathways and growth patterns), its basic requirements 
and constraints (growth, profitability ...), and its cultural values. Therefore, the mission serves to define in a few lines 
the company vision, what it is, what it does and what it wants to do in the future. 
2.3. Company strategy : 
Corporate strategy is the translation, into actions, of the company vision. It is the set of decisions and actions that 
guide decisively, in the long term, mission, trades and business activities, as well as its organizational and functional 
structure (Olivier Meier, 2009). The strategy used to trace the roadmap over time (3-5 years) and space (covered 
markets and customers) from existing resources (human technological organizational financial immaterial,) and new 
allocations according to the environment changes.  
The strategy is therefore to choose the trades and activities for which the company can maintain and develop 
sustainable competitive advantages in the environment. According to E. Luttwak (2002), Strategic decisions are not 
linear but paradoxical. It’s generally "a mixture of reflection and action, creativity and adaptation, experience and 
innovation”. 
2.4. Project Portfolio selection : 
PMI (2008) defined the project portfolio as "a set of projects or programs and other operations that are grouped 
together to facilitate effective management of that work in the pursuit of strategic objectives." Thus, the project 
portfolio is the effective translation of strategic business objectives. Therefore, to manage successfully a projects 
portfolio, we must choose the projects to be implemented. Hence, Projects selection process is so important. 
The selection of project portfolio is a process that involves the evaluation of a set of valid projects that achieve 
certain strategic objectives (Mantel et al., 2011). This process must be done on a periodic basis to ensure that the 
selected projects satisfy the organization's resources constraints (Ghasemzadeh & Archer, 2000) and external 
constraints (market regulation, laws, and others). This involves solving the problem of project portfolio selection.  
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To do this, several techniques exist: numeric and non-numeric methods (Mantel et al, 2011.), Linear and nonlinear 
optimization methods, for mono-objective and multi-objectives problems. And company chooses the most appropriate 
model that best reflects its maturity level (Hugo C. et al., 2012). 
In this paper, we present numerical methods of mathematical optimization for mono-objective and multi objectives 
problems. 
2.5. Lenear optimization - LO: 
In mathematical optimization, a linear optimization problem is an optimization problem in which we minimizes (or 
maximize) a linear function on a convex polyhedron. The function that we minimize (or  maximize) and constraints 
can be described by linear functions. The linear optimization (LO) is the discipline that studies these problems; it is 
also known by the name of linear programming, a term introduced by George Dantzig to 1947, but this name tends to 
be abandoned because of possible confusion with the concept of computer programming. 
2.6. Integer Linear Programming - ILP : 
Many problems of operational research can be expressed as linear optimization problems. These problems also 
appear as sub problems in algorithms designed to solve more difficult problems. In some Linear optimization 
problems, it requires in addition to variables that take only integer values (so-called integrity constraints) or even the 
values 0 or 1. Then were talk about Integer Linear Programming. These problems are much more difficult to solve 
than the LO continuous variables. 
An integer linear programming (ILP) problem is not a linear optimization (LO) problem in the sense that its 
admissible domain is not a polyhedron but a discrete set of points. However, it can be described as a problem of OL 
which is added the additional constraints that some variables can only take integer values. We distinguish between 
mixed integer linear programming with integer and continuous variables,   and the integer problem with all integer 
variables. 
2.7. Goal Programming  - GP :   
Goal Programming (GP) is a branch of combinatorial optimization (Wolsey & Nemhauser, 1999), whose 
particularity is to try to optimize several objectives simultaneously on the same problem (against a single objective in 
linear optimization and ILP). 
The idea of this method was introduced initially by Charnes and Cooper in 1961. They presented an approach to 
solve linear decision problem with multiple objective functions. This method has been extended by the work of Ijiri 
(1965) and Ignizio (1976) to solve nonlinear problems. Their method has been used in several theoretical and practical 
work (Chankong (1983), Martel (1998), Spronk (1981), Steuer (1985)) based on the following assumptions:  
- Pre-assign weights (or priorities) to goals or targets groups  
- Set values of positive and negative deviations,  
- Minimize the weighted sum of these deviations. 
2.8. Integer Goal Programming - IGP : 
In Integer Goal Programming method, the same principle applies, except the solution definition domain; we add the 
additional constraints that the variables can take only integer values or even the two values 0 or 1 depending on the 
nature of the problem, in which case it is called 0-1 Goal programming (Tripathy & Biswal, 2007). 
3. Case Study   
3.1. Problem definition : 
Numerical optimization methods can be used in several areas including mainly the field of management:  
- In project management field several mathematical optimization methods were used: 
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o Goal programming has been used by Sang Lee and David L. Olson (1984) for planning projects that 
meet several objectives: to minimize the execution time, meet deadlines and minimizing resources 
used.  
o Mixed integer quadric programming was used by Robert Terry and EZEY Mr. Dar-El (1982) for the 
strategic planning of several projects taking into account the date of completion and the number of 
resources available of each project  
o Linear Programming (ILP) has been used by Colin O. Benjamin (1987) to plan the optimal 
investment projects budgets. 
- In project portfolio management domain, mathematical optimization methods were used mainly to address 
the problem of project selection (Hugo Caballero et al, 2012.) Or portfolio selection that meet the objectives 
defined previously (Cooper et al. (1997) biased by Bruno et al. (2007)). 
The project selection process can be accomplished using mathematical optimization methods. The basic problem of 
linear optimization is to maximize or minimize an objective function while satisfying certain constraints. The 
formulation of the linear optimization problem is to define the decision variables, the objective function and 
constraints. This article presents two use cases of optimization methods applied on project m=portfolio management:  
- ILP when the decision maker focuses on a goal,  
- IGP when the decision maker considers several objectives. 
3.2. Using LO methods in project portfolio management (PPM) 
3.2.1. Criteria for projects selection 
Projects prioritization in a portfolio of projects is the classification of projects according to cost-benefit relationship 
(R.Vargas, 2010). However, the criteria on which is based this relationship is not based only on financial aspects 
(costs and benefits), but also affect all effort committed to the success of the project. We distinguish, then, two types 
of costs (direct: perceptible and indirect: hidden) and two types of benefits (direct and hidden).  
The table below summarizes the main criteria for projects selection in projects portfolio management field:  
 
Direct costs Direct benefits 
Cost, human resources, hardware resources, 
risks (threats), technical skills … 
ROI, profit, NPV, improving competitiveness, increasing 
the number of customers, increase market share, 
Indirect costs  Indirect benefits 
Degree of complexity, resistance to change, 
urgency, constraints and assumptions, 
stakeholder involvement,… 
Society Development, reputation enhancement, 
improvement of internal processes ... 
 
Tab 1. : Some criteria for selecting projects 
3.2.2. Application of ILP method 
The company ALPHA wants to select one of the eight projects, those that will maximize its financial profit (profit, 
in terms of monetary value less the cost of capital) under the following conditions:  
- The available budget is 300000,00 MAD:  
- Project 1 depends on the project 4: if one is selected, the other must also be;  
- Projects 2 and 6 are equivalent if one is chosen, the other must not be;  
The budget and the benefit of each project are presented in the table below: 
Tab 2. : Data of candidate projects in the company ALPHA 
 
Data Project1 Project2 Project3 Project4 Project5 Project6 Project7 Project8 
Profit (MAD) 160000 210000 110000 300000 350000 250000 200000 320000 
Budget (MAD) 40000 50000 60000 70000 80000 90000 100000 110000 
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We assign to each project i a decision variable Xi defined by: 
Xi = 1, if the project is selected ;    (1) 
Xi = 0, otherwise ; 
The objective function F is the total profits of the projects; it can be described as follows: 
Max F= 16 X1 + 21X2 + 11X3 + 30X4 + 35X5 + 25X6 + 20X7 + 32X8 (2) 
The constraint on the available budget can be represented by the following relationship: 
4X1 + 5X2 + 6X3+ 7X4 + 8X5 + 9X6 + 10X7 + 11X8 <= 30 ; (3) 
The dependency constraint of projects 1 and 4 can be represented by the following relationship: 
X1 = X4 ;        (4) 
The equivalence relation of the two projects 2 and 6 can be represented as follow: 
X2 + X6 <= 1 ;        (5) 
The solution to the projects selection problem, that maximizes the financial benefit of the company ALPHA, is 
solving equations (1,2,3,4 and 5). For this we will use the method of integer linear programming on MS Excel solver. 
The result is shown below: 
 
Data  Project1 Project2 Project3 Project4 Project5 Project6 Project7 Project8 Total 
Profit (MAD) 160000 210000 110000 300000 350000 250000 200000 320000 F= 1130000 
Budget (MAD) 40000 50000 60000 70000 80000 90000 100000 110000 Budget = 300000 
DV 1 1 1 1 1 0 0 0 
 
Tab 3. : The maximum value of the profit 
 
Taking into account budget constraints and dependency projects, the result shows that:  
- Projects that will yield the greatest financial benefits to the company are the five projects : 1, 2, 3, 4, and 5.  
- The maximum expected profit is: 1130000 MAD.  
- The constraints (equations 3, 4 and 5) are satisfactory. 
3.2.3. Application of IGP method 
We will take the same example above, and there adds three more goals. The objectives considered in this case are:  
Goal 1: The budget for the projects should not exceed 300000.00 MAD;  
Goal 2: The financial profit of the portfolio project selected must be greater than 1000000.00 MAD;  
Goal 3: The use of manpower should not exceed 50;  
Goal 4: The sum of the risks associated with projects selected portfolio should not exceed 10.  
A constraint to the urgency of certain projects may be added (Exp: Projects that have a high degree of urgency are 
given priority);  
The table below summarizes the values associated with each project for each criterion: 
 
Tab 4. : Data of candidate projects and objectives to be achieved 
 
Data  Project1 Project2 Project3 Project4 Project5 Project6 Project7 Project8 Total Weight 
Budget (MAD) 40000 50000 60000 70000 80000 90000 100000 110000 <= 300000 40% 
Profit (MAD) 160000 210000 110000 300000 350000 250000 200000 320000 >= 1000000 30% 
Manpower 5 8 7 10 9 8 7 6  <= 50 10% 
Risque 3 0 4 4 2 2 1 5 <=10 20% 
Urgency 2 3 2 2 3 4 1 1   
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The decision variables Xi indicates whether the project i is selected or not.  
For each objective j is associated value Gj and weight Pj designating the degree of importance.  
Each possible solution (the set of selected projects) has two (2) possible deviation variables defined as follows:  
Vp (j) = the positive difference between the value obtained from selected projects and the value of the objective j.  
Vn (j) = The negative difference between the value obtained from selected projects and the value of the objective j.  
 
The objective function of the problem is the sum of the deviations of the objectives and can be described by the 
following formula:  Min Z = ∑ Pj x Vj  ; (j=1…4)    
Where Vj = Vp (j) if it is to minimize the objective j (<=), and Vj = Vn (j) if it is to maximize the objective j (> =).  
In our case the objective function is described as follows: 
Min Z= 0,4Vp1 + 0,3Vn2 + 0,1Vp3 + 0,2Vp4 ;   (6)   
An equation is associated with each goal:  
Cji Xi + Vp(j) – Vn(j) = Gj ;   (7) 
With Cij the contribution of project i to thegoal j, and Gj the goal value j.  
The constraints related to this problem can be described by the following functions: 
4X1 + 5X2 + 6X3 + 7 X4 + 8X5 + 9X6 + 10X7 + 11X8 <= 30 ; (8) 
16X1 + 21X2 + 11X3 + 30X4 + 35X5 + 25X6 + 20X7 + 32X8 >=100 ; (9) 
5X1 + 8X2 + 7X3 + 10X4 + 9X5 + 8X6 + 7X7 + 6X8 <=50 ;  (10) 
3X1 + 4X3 + 4X4 + 2X5 + 2X6 + X7 + 5X8 <=10 ;  (11) 
By applying the formula (7), equations related to the goals are: 
G 1 : 4X1 + 5X2 + 6X3 + 7 X4 + 8X5 + 9X6 + 10X7 + 11X8 + Vp1 – Vn1= 30;  (12) 
G 2 : 16X1 + 21X2 + 11X3 + 30X4 + 35X5 + 25X6 + 20X7 + 32X8 + Vp2 – Vn2= 100 ;  (13) 
G 3 : 5X1 + 8X2 + 7X3 + 10X4 + 9X5 + 8X6 + 7X7 + 6X8 + Vp3 – Vn3= 50 ;  (14) 
G4 : 3X1 + 4X3 + 4X4 + 2X5 + 2X6 + X7 + 5X8 + Vp4 – Vn4= 10 ;  (15) 
We used MS Office Solver to solve this problem.  
Three scenarios are considered. The results obtained are shown below:  
 
Scenario 1: 
Min Z= 0,4Vp1 + 0,3Vn2 + 0,1Vp3 + 0,2Vp4  1,3 
 
Tab 5. : The minimum deviation of scenario 1 
 
Relation Weight Vp Vn 
<=  0,40 0 20000 
>=  0,30 20000 0 
<=  0,10 13 0 
<= 0,20 0 2 
 
Tab 6. : Detail deviations from goal scenario 1 
 
Data Project1 Project2 Project3 Project4 Project5 Project6 Project7 Project8 
Budget (MAD) 40000 50000 60000 70000 80000 90000 100000 110000 
Profit (MAD) 160000 210000 110000 300000 350000 250000 200000 320000 
Manpower 5 8 7 10 9 8 7 6 
Risque 3 0 4 4 2 2 1 5 
Urgency 2 3 2 2 3 4 1 1 
DV 1 1 1 1 0 0 1 0 
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Analyze 1 : 
- Projects to be selected are: 1, 2, 3, 4 and 7  
- The minimum deviation obtained: Min Z  = 1.3  
- The values of deviation objective are:  
o The total budget will be less than the target value of 20000 MAD,  
o The total profit will exceed the target goal 20000 MAD , 
o The use of manpower will exceed the target goal of 13 , 
o The risk is less than the permissible value of 2. 
Scenario 2: 
The following additional constraints are considered:  
- Projects that have a high degree of urgency are given priority;  
- Projects 2 and 6 are equivalents;  
Scenario 2 favors, then, the project 6 on the project 2: 
 
Data Project1 Project2 Project3 Project4 Project5 Project6 Project7 Project8 
Budget (MAD) 40000 50000 60000 70000 80000 90000 100000 110000 
Profit (MAD) 160000 210000 110000 300000 350000 250000 200000 320000 
Manpower 5 8 7 10 9 8 7 6 
Risque 3 0 4 4 2 2 1 5 
Urgency 2 3 2 2 3 4 1 1 
DV 0 0 1 1 0 1 1 0 
Min Z= 0,4Vp1 + 0,3Vn2 + 0,1Vp3 + 0,2Vp4  1,8 
 
Tab 7. : The Minimum deviation of scenario 2 
 
Relation Weight Vp  Vn 
<=  0,40 0  20000 
>=  0,30 140000  0 
<=  0,10 18  0 
<= 0,20 0  1 
 
Tab 8. : Detail deviations from goal scenario 2 
 
Analyse 2 : 
- Les projets à sélectionner sont : 3,4, 6 et 7 
- La déviation minimale obtenue : Min Z= 0,4Vp1 + 0,3Vn2 + 0,1Vp3 + 0,2Vp4  = 1.8 
- Les valeurs de déviation par objectif sont : 
o Le budget total sera inférieur à la valeur cible de 20000 MAD, 
o Le profit total sera supérieur à l’objectif cible de 140000 MAD, 
o L’utilisation de la main d’œuvre sera supérieure à l’objectif cible de 18, 
o Le risque sera inférieur à la valeur tolérée de 1. 
Scenario 3: 
The following additional constraints are considered:  
- Projects that have significant degree of urgency more important: Project 5 will be selected. 
Data Project1 Project2 Project3 Project4 Project5 Project6 Project7 Project8 
Budget (MAD) 40000 50000 60000 70000 80000 90000 100000 110000 
Profit (MAD) 160000 210000 110000 300000 350000 250000 200000 320000 
Manpower 5 8 7 10 9 8 7 6 
Risque 3 0 4 4 2 2 1 5 
Urgency 2 3 2 2 3 4 1 1 
DV 0 0 1 0 1 1 1 0 
Min Z= 0,4Vp1 + 0,3Vn2 + 0,1Vp3 + 0,2Vp4  2,1 
Tab 9. : The Minimum deviation of scenario 3 
 
346   Houda Tahri /  Procedia - Social and Behavioral Sciences  210 ( 2015 )  339 – 347 
Relation Poids Vp Vn 
<=  0,40 0 30000 
>=  0,30 90000 0 
<=  0,10 19 0 
<= 0,20 1 0 
Tab 10. : Detail deviations from goal scenario 3 
 
Analyze 3 : 
- Projects to be selected are: 3.5, 6 and 7  
- The minimum deviation obtained: Min Z = 2.1  
- The values of deviation objective are:  
o The total budget will be less than the target value of 30000 MAD,  
o The total profit will exceed the target goal 90000 MAD  
o The use of manpower will exceed the target goal of 19  
o The risk is greater than the permissible value of 2. 
The table below summarizes the best alternatives projects portfolios to choose: 
 
Sc. Selected Projects 
Budget <= 300000 Profit >= 1000000 MO <= 50 Risque <=10 
total Deviation 
Deviation Deviation Deviation Deviation 
1 P1, P2, P3, P4, P7 -20000 +20000 +13 -2 1.3 
2 P3, P4, P6, P7 -20000 +140000 +18 -1 1.8 
3 P3, P5, P6, P7 -30000 +90000 +19 +2 2.1 
 
Tab 11. : Summary of deviations scenario 
4. Conclusion et perspectives 
We tried, through this work, to show the importance of mathematical optimization methods in the field of project 
management, in particular, project selection. Two examples were used to present both ILP and IGP methods.  
The main advantage of these methods remains the objectivity and accuracy of the results they present to decision 
makers. However, a combination with the multi-criteria analysis methods is still possible to select effective (or 
dominated) projects and then store or aggregate solutions to conclude with the optimization and sensitivity analysis.
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